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Steps for Rockfall Mitigation

1. Obtain Slope Geometry and Geological Mapping
>. Perform Rockfall Computer Simulation
 Projectile
e Probability
e Energy
5. Design Rockfall Mitigation

e Rockfall Fences
e Ditch
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Limitation of Computer Simulation

* Computer simulations have not been calibrated
against actual data — actual rockfall

* Fudge factors have been used in simulation
* Generally provides liberal results

e Recommendations based on Computer Simulation are
often under designed
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Research Objectives

* Experiment and develop a rockfall testing protocol
and data processing procedure that can

Provide reliable data set to be used for site specific
model validation

Be easily implemented by others
Be cost-effective

Allow further development and improvement by
others



Rockfall Testing Protocol

* Mark reference points

* Survey slope geometry, reference points and camera
locations

* Place at least two synchronized camcorders
* Roll rocks off the slopes
* Measure weight, size of rocks



Data Processing Procedure

* Synchronize video files
* (Calibrate
* Direct Linear Transformation (DLT) method



Rockfall Test on SR 39

* Test Performed between 10/05/2009 and 10/09/2009

* Four Locations
e Total Number of Rockfalls:

* Crews
e Survey Crew from District 7 & HQ
« Kevin Akin
e Maintenance Crew from District 7
e CT Video Team from District 7
» Steve Devorkin

e Geotechnical Services

« John Dufty, Bill Webster, Hung Po Yang, Seungwoon Han, David
Jang, Michael Salisbury
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General Rockfall Concepts

* Hazards from rocks falling from slopes adjacent to
roadways

* Caused by gravity, assisted by other mechanisms
* On slopes 33° or steeper
¢ Evaluation is based on:

e Maximum Energy Level (M.E.L.)

e Climate (“Water”)

e History (“local maintenance”)

e Risk (decision site distance, speed limit, roadway width,
etc.)
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SR-39

* Narrow two-lane roadway

* located in steep mountainous terrain

* Traverses the west-facing slope of Mt. Islip

* Natural slopes vary from 20° to 40 ° from horizontal

* Elevations vary from 5600 ft amsl at the south end of
the project to 5900 ft at the north end of the project
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San Gabriel Mountain Range

* Characterized by deep, v-shaped valleys

* Steep ridges and peaks

» Uplifting at a rate of 3 millimeters per year

* Natural soil cover is very thin along ridges and peaks

* Valleys have thicker soil cover, dominated by boulders &
coarse sedimentation from erosion of canyon slopes; may
have stream channels

*» Sparsely forested; intense precipitation ( ~ 30 in/yr in the
project area)

* Severe freeze-thaw conditions with heavy natural erosion
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Fine-grained Granodiorite:
*Moderately hard
*Intensely fractured
*Moderately weathered

Gray Quartz Diorite:
*Hard
*Slightly fractured
*Slightly weathered

Covered by thin, discontinuous
colluvium
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ion 1 (Angle A)

Quartz veins in Gray
Quartz Diorite:
*Hard
*Moderately fractured
*Weathered

Maintenance characterized
location as:
*Many rockfalls
*Some were too large
to move by truck (~ 6
feet largest diameter)

Slope length ~174 feet

Slope angle ~53°

12



f/lﬁn 1 (AnEfe B)

RHRS score = 408

Proposed Mitigation:
*Cable Drapery
Standard Barrier
*Hybrid Barrier

More than one proposed
mitigation involves a
barrier. The geometry of the
slope and roadway provide
a high score. The risk to
motorist in each rockfall
event is likely to be very
severe.




Fine-grained Granodiorite:
*moderately fractured
to intensely fractured

*hard
sweathered

Maintenance characterized

this location as:
*Avalanches in chutes
*Many rockfalls

Slope Length = 140 feet

Slope Angle ~ 55°
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cation 2 (Angle

Y ke
o

RHRS Score = 308

Proposed mitigations:
*Hybrid
*Barrier
*Drapery
*Anchored Mesh

Considered a priority because a
standard barrier would
potentially mitigate rockfall
hazard
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Gray quartz diorite and fine-
grained Granodiorite:

*Hard to moderately hard
*Intensely fractured
*Weathered

Maintenance characterized this
location as:
*Rockfalls
*Rockslides
*Avalanches in chutes
*Many falls

Slope length ~141 feet

Slope angle ~ 52°
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RHRS score = 421

Proposed Mitigation:
*Hybrid
*Drapery
*Anchored Mesh
*Barrier

Considered a priority because
of rockfall history and barrier
is a proposed mitigation.
Geology and Structure of the
slope is different from previous
Location 1 & 2.
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ocation 4 (Angle A)

Fine-grained Granodiorite:
*Hard to very hard
*Moderately fractured
*Slightly weathered

Maintenance characterized
this location as:

*Active rockfall

*Clean ditch frequently
Slope length ~ 143 feet

Slope angle ~ 45°
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ocation 4 (Anae Bl

-

RHRS score = 437

Proposed Mitigation:
*Cable Drapery

*Anchored Mesh
*Barrier

This location is a priority due
to the high score and
maintenance history of
persistent rockfall. This
slope has similar geology to
Location 2 however it has
more soil cover.
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Rockfall Tests

» Tasks for Each Location/Rockfall
e Mark Reference Points
e Survey and LIDAR
e Roll Rock
e Record Video

e Measure (Weight of Rocks and Distance from Edge of
Slope)
« Load cell and rock net

e Clean-up
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Collected Information

® Survey Data

e ASCII format data

 Slope geometry
« Reference points

o Camera locations

e Needs to be visualized

® Video records
e VOB format

« Cannot be played in normal CT computers
e Need to be edited and converted into AVI format

2
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Trajectory

* A cross section of rock trajectory from x,y,z positions
can provide:

o Bounce height (i.e. will barriers work)
o Energy toward impact

o Calibrate software

o Determine parameters for simulation

o Evaluate how aggressive our simulations may be.
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Trajectory and Energy

* Trajectory is determined from frame to frame by:

o Distance:
x = \/ANorthing? + AEasting? + Aelevation?

o The elevation is plotted against distance to make a
profile

* Energy is determined by:
o Time = 30/1001 seconds
o Speed = Distance/time
o Energy = Y2 mass x speed”2

27



jectory Profile an

Location 2 Rock 2

Profile

Frame s5: : Rock Parameters:
velocity = 21.5 m/s / *Weight = 101 Ibs
kinetic energy = 10.6 kj .
= o mass = 3.14 slugs (45.8 kg)
4 Rock *Initial length = 26 inches
“AN *Initial depth = 17 inches
Frame 80 [ L ) e :
velodity 7.0 m/s d jectory *Initial width = 77 inches
kinetic energy = 6.61 kj /
/ /| B Slope profile
1 f/\/ Plan View
SR 1 i = f
----- e D W P S
7S e r / Frame 80 - § ( & Ao 3
\f//” > | / il ﬁl::" / ": /
oS- \ T ) o
\ oo [L947,110 “ _\ ¢ : [\"/_
Frame 70 to 8y: ; ‘a B S
Average kinetic energy = 3,56 kj ! | L :
050100 -
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nergy AnalysT;

Profile
E xframe [frame
30 ergy from frame A to frame B
5 flame average/// 21\ XAframe x
yd év’/
10 frame average=—— 7/ 2 ¥ 5
//' ﬂNA to B + ﬂEA to B + ﬂEIEUArOB 5
g / A ] -
o 2 Aframe = 7557
/
jﬁt 4 20 frame average
il

O50L00 I
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Frame to Frame Energy

-

4.26kj A

8.81 kj ~_
\ 4 7¥4.99 kj
4.85 kj : ‘ 7 | 6.15 kj
) /

//
/%

4.79 lg

B 2 2:4. 67k \ .
\ vy 4.42kj




Data compared to

Rock L2R02

Results Based on
Field Measurement

Results Based on Video

Ave. K (kj)
PE (kj) | Ave. K (kj)| PE (kj
(ki) (ki) (k) total last 5 last 10 last 20
trajectory frames frames frames
14.6 s 6.49 5.46 4.79 4.67 4.42
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Results

/i * For location 2 a proposed fence

f_ might be placed at the redline
/ * If other rocks miss this point, a

froposd i once 12 P\ / [ / barrier may not be useful here
v * Redeveloping a catchment may

g5 )&/ not be feasible
/ / * Drapery could be a better
A7 EREe | ltemative
//ﬁ/
\ /
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Center of Mass A
v
x = \/ANorthing? + AEasting? + Aelevation? J‘?j
i
)
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Center of Mass
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Conclusions

/- Trajectory Profile w/o Energy:

o We can visualize effectiveness of

Proposed 10’ fence  // barriers
lacatian T/
\\ / / o Determine barrier height
/ . .
N //f/ * Trajectory Profile w/ Energy:
J ¢ .
l)// o Provides a conservative

estimation of energy

)
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